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S0V/126-6-5-~-36/43 
Investigation of Martensitic Transformaticn in Austenitic Powdéer 


the separated-out residue. The electrolytic residue does 
not contain austenite crystallites. As an electrolyte, 
an aqueous solution of hydrochloric acid (1%) was used, 


The current density was 0.01 to 0.02 A/om® with an elastre- 
lysis duration of four hours. The used specimens of the 
steel Khi2M (1.5% C, 12% Cr, and 0.3% Mo) were quenched from 
1 150 “C and had an austenitic structure with residual 
carbides (see micro-photo, Figure la). Figure 16 shows 4 
Magnified photcgraph of the powéer. Comparison of the twe 
photographs shows that the thus produced powder is 
monocrystalline, i.e. each particle in the powder is one 
grain, since the dimensions of the powder particles are 
about equal to those of the (largest) grains in the 
metallographic cut. Study of the martensitic transformation 
of isolated crystals of austenite and of austenite ina 
monolithic specimen was carried out magnetically on an 
Akulovstype anisometer. The specimens were quenched from 
1 150 “C and, following that, martensitic curves were 
plotted during cooling from room temperatures to the 

Card2/4 temperature of liquid nitrogen, beth for the specimen and 
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SOV/126-6-5-36/43 
Investigation of Martensitic Transbrmation in Austenitic Powder 


for powder produced from the same specimen. The tempera— 
ture at which austenjte begins to transform into martensite 
was found. to be -25 C for the solid specimen, cooling 
below that temperature brings about normal martensitic 
transformation. Cooling gf austenitic powder of the same 
composition down to -196 “C did not bring about formation 
of martensite, as can be seen from Figure 2 in which the 
martensitic curves are graphed for both the solid specimen 
and the powder. This effect is not due to the possible 
saturation with hydrogen during electrglysis of the 
austenitic powder. Annealing at +200 ~C of the powder as 
well as of the solid specimen did not bring about any change 
in the behaviour. The powder did not assume a tendency to 
become transformed and for the solid specimen the marten- 
sitic point also remained the same. Intensive deformation 
of the powder at, room temperature (by means of a pestie in 
a mortar) results in the formation of about 5 to 10% 
martensite and the quantity of martensite does not increase 
during subsequent cooling down to the temperature of liquid 
nitrogen. The obtained results confirm the absence of 
Card3/4 martensitic transformation in isolated austenite crystals, 
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SOV/126-6-5-37/43 
AUTHORS: Gulyayev, A. P.) and Sanchuk, Ya. £, 


TITLE: Effect of Deformation on the Austenite Crystal Lattice 
Constant in Steel Kh18N9T (Vliyaniye deformatsii na 
parametr kristallicheskoy reshetki austenita stali 
Kh18N9T) 


PERIODICAL: Fizika Metallov i Metallovedeniye, 1958, Vol 6, Nr 5. 
p 947 (USSR) 


ABSTRACT: The effect of plastic deformation on the crystal lattice 
constant of the solid solution in austenite stainless 
steel Khl18N9T was studied, The steel had the following 
composition: 0.09% C, 18.8% Cr, 9.7% Ni, 0.79% Jibs 
0.63% Mn and 0.46% Si. The steel was in the form of a 
wire, 1 mm in dia., and it was subjected to one of the 
following treatments: 
a) hardening, or b) hardening with subsequent gtabilization. 
In the former case samples were heated to 1150°C and 
quenched in water, In the gatter case, samples were 
hardened by heating to 1050°C and quenching in water and 
were subsequently stabilized by 12-hour heating at 800°C 
The former treatment produced a saturated solid solution 
Cardl/3 of carbides, The latter treatment produced, in the 
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Effect of Deformation on the Austenite Crystal Lattice Constant 
in Steel Kh18N9T 


stabilization stage, separation of carbides out of the 
solid solugkion, In the first case the lattice constant 
was 4.590 and in the second 3.583 A, After thermal 
treatment,samples of 120 mm length were subjected to 
plastic deformation by extension up to 8%. Pieces of 
wire were cut out from the deformed samples and Debye 
X-ray diffraction patterns were obtained. The samples 
were etched in aqua regia down to 0.7 mm dia, A PRK-2 
camera was used, Chromium emission from a BSV-4 X-ray 
tube was employed and the patterns obtained were 
measured using a Zeiss comparator, Fig.l shows the 
lattice constant of the gamma-phase as a function of de- 
formation (extension). he upper curve refers to the 
samples hardened at 1150°C (saturated solid solutions). 
The lower curve represents samples which were hardened 
and stabilized, The lattice constant of the gamna-phase 
in the hardened samples decreases with increase of 
deformation. This is taken as an indication of de- 
Card2/3 composition of the solid solution, This decomposition 
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frees carbides from the solution and is accompanied 
consequently by a fall of the lattice constant, Extension 
also produces transformation of the gamma-phase into the 
a-phase, The amount of the a-phase increases with 
extension and at 4% deformation it is present in 
measurable amounts, The lattice constant of the a-phase 
also decreases with increase of deformation, Deforma- 
tion does not affect the lattice constant of the gamma- 
phase samples subjected to stabilising treatment. This 
is because the stabilised samples already contain 
appreciable amounts of carbides which have separated out 
of the solid solution, There is one figure, 

ASSOCIATION: Moskovskiy vecherniy mashinostroitel'nyy institut 
(Moscow Hvening Machine Construction Institute) 

SUBMITTED: May 25, 1957 


Card 3/3 


nee 
Ee EU 
En 


iE TE § 


H te aA Hl 


APPROVED FOR RELEASE: 09/19/2001 CIA-RDP86-00513R000617320009-3" 


Sg 


"APPROVED FOR RELEASE: 09/19/2001 


SEE 3S GE: 
MULES 6 gts 


ijt 
ipPR Siete 


TENTIAL 


TEA 


APPROVED FOR RELEASE: 09/19/2001 


BSI 


oy 


CIA-RDP86-00513R000617320009-3 


PES SER RET SHES EE RCGHE el ERBSIBED ee Star preety pet iesers sv eg sees eee creer 


CO 


CIA-RDP86-00513R000617320009-3" 


"APPROVED FOR RELEASE: 09/19/2001 CIA-RDP86-00513R000617320009-3 


comes pen end HEUTE TERBSURCT SHB OSH EB REECE PIE TSU PSSIE RES EYL 


SOV/12b-7-4-8/26 
AUTHORS: Gulyayey, A.P. and Taratorina, M.V. 


TITLE: The Effect of the Heating Rate on the Transformations 
in Steel During Tempering 


PERIODICAL: Fizika metallov i metallovedeniye, 1959, vol 7, Nr 4, 
pp 544-550 (USSR) 


ABSTRACT: Electrotempering, i.e, tempering by passage of electric 
current, has become a practice widely adopted in 
industry and this prompted the authors of the present 
1aper to study the effect of the heating rate on the 
transformations taking place in steels during tempering, 
a problem which so far has received attention of the 
Soviet workers only. The present investigation was 
carried out by means of dilatometric and hardness 
measurements, X-ray and metallographic analyses and 
anisometric determination of the quantity of the 
retained austenite. High-carbon steel Ul? and a 
constructional steel St.45 were used as the experimental 
materials; for the sake of Sreater accuracy, silver 
steel wire was used for the preparation of the test 
Pieces, LOO mm long and 3 mm diameter, Prior to the 

Card 1/9 tempering experiments, the test pieces were quenched 
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from 1100°C (steel Ul2) or 830°C (steel St.45). The 
transformations taking place at relativeiy Low eating 
rates (2.7 x 10-2 to 3.2 x ig-1 °C/sec or 100 to 
1260°C/hour), attained during furnace tempering were 
studied with the aid of an optical dilatometer; those 
occurring at faster rates of heating (0.7 x ty7-2 to 
9 x 102 “C/sec), attained during electrotempering, were 
investigated in a Capacitance dilatometer designed by 
Panov (Ref 5). Since the working Jength of the test 
bieces in the former and latter cage Was 50 and 75 am 
respectively, the curves obtained for the shorter test 
pieces were re-plotted to give data relating to 75° mm 
length. In the case of steel St.45, identical dilato- 
meter curves (Ql, mm versus temperature ,A°c) were 
obtained at ail heating rates between LOO and 1200°C/nour; 
& curve of this type is Shown in Fig 1 (curve 1); 
curves 2, 3 and 4 in Fig 1 are the dilatometer curves of 
steel U12 heated at 1200, 300 and 400, and 100 and 
200°C/hour, respectively, Fig 2 shows the dilatometer 
Card 2/9 curves of steel wo heated at (1) 900, (2) 750, 
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(3) 490, (4) 320, (5) LO7 end (6) 0.1°C/sec. The 
dilatometer curves of steel St.45 heated at (1) 680, 

(2) 400, (3) 70 ana (4) 0.1°C/sec are plotted in 

Fig 3. (Curves 6 in Fig 2 and 4 in Fig 3 were obtained 
with the aid of the optical dilatometer), In the next 
series of experiments, the carbon content in the a solid 
solution and the proportion of retained austenite in 
steel UlL2 were determined by X-ray diffraction. The 
test pieces were heated to various temperatures at 
various rates of heating and quenched in water 
immediately after switching off the current, For 
comparison, test pieces heated to each tempering 
temperature at 0.5°C/sec and held at the temperature 

for 1.5 hours were also examined. The X-ray diffraction 
patterns were obtained with Fe - K radiation; from the 
variation of the distance between the (211) - (112) 
doublet, the variation of the tetragonality of 
martensite was calculated and the carbon content in the 
a solid solution was determined. The carbon content (%) 
of martensite in steel Ilo as a function of the tempering 
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temperature (°C) and the 
in Fig 4. The proportion 
and microhardness (Hy) of steel Jl2 plotted as functions 
of the tempering temperature and the heating rate are 
shown in Fig 5 and 6 respectively. (The lowest curve in 
each of these three figures was plotted for specimens 
heated ¢ mperature at 0.5°C/sec and 
held at the temperature for 1,5 hour). The proportion 
was determined by visual 

y of the homologous lines 

these data were made more accurate 
tity of the retained austenite 
ometer, Regarding the metallo- 

no difference in the microstructure due 
of heating was observed under the 


heating rate (*C/sec) is shown 
of retained austenite (90) 


are shown in Fig 7 
tron microscope 
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The Effect of the Heating Rate on the Transformations in Steel 
During Tempering 


was it possible to show that the microstructure of 

the tempered steel was, in fact, affectad by the 

heating rate even at low tempering temperatures. The 
microstructure of steel M2 quenched from 1100°C (as 
revealed by the electron microscope) is shown in 

Fig 8 (x1200). The electron microphotographs of the 
same steel, heated to 200°C at 750 C/sec and heated 

to 200°C at 0.5°C/sec and held at the temperature for 
1.5 hours are reproduced in Fig 9a and b respectively. 
Fig 10 shows the electron microphotographs of steel U12 
which after guenching from 1100 C was (a) heated to 

300 C at 750 C/fsec, (b) heated to 300 C at 150 C/sec and 
(v) held at 300°C for 1.5 hours having been brought to 
this temperature at 0.5°C/sec. The experimental results 
obtained by the present authors show that increasing 

the rate of heating results in partial suppression of the 
first transformation, although the temperature range at 
which this transformation takes place is significantly 
shifted only when the rate of heating exceeds about 
500°C/sec. At slow rates of healing (0.1°C/sec or less) 
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During Tempering 


such as are attained during furnace tempering, the 

first transformation begins at approximately 80°C; 

this is marked on the dilatometer curve by the point at 
which the volume (length) of the specimen begins rapidly to 
decrease (comp Fig 2 and 3). Judging by the dilatometer 
curves, the first transformation still begins at about 

80° ¢ even when the rate of heating is raised to 

490°C/sec; when, however, a heating rate of 750°C/sec is 
employed, the transformation begins at 330- 350° C; at the 
rate of 900°C/sec it starts at 430-450°C. The same 

effect is revealed by the difference in the carbon 

content in the a solid solution in steel specimens heated 
to various temperatures at various rates of heating, 
although the X-ray analysis gives the beginning of the 
transformation at temperatures lower than those 
determined by the dilatometric measurements, While the 
temperature range of the first transformation is shifted 
at fast rates of heating only, the degree of decomposition 
of martensite is affected by the variation of the heating 
rate throughout the range of neating rates employed in 
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the experiments. This is shown clearly by the 
dilatometer curves, while the X-ray data also indicate 
that the faster the rate of heating, tne lower is the 
degree of decomposition of martensite. These findings 
were confirmed by the results of the metallographic 
analysis: electron microphotographs show that both the 
quantity of the precipitated carbides and their particle 
size decrease as the heating rate during tempering 
increases. Regarding the second transformation, 

i.e. decomposition of the retained austenite, it occurs 
at the studied rates of heating, although the positive 
dilatometric effect (expansion), characteristic for 

this transformation, is observed only at heating rates 
not exceeding 100°C/sec. (Compare Fig 1 and 2). 

Since anisometric measurements of the proportion of the 
retained austenite in specimens heated to various 
temperatures at various rates of heating showed that 
austenite does, in fact, decompose even at heating rates 
as high as 750°C/sec, it is suggested that the 
discrepancy between the X-ray and dilatometer data might 
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be due to the fact that the retained austenite decomposes 
only during cooling from the tempering temperature, when 
comparatively fast rates of heating are employed; 

this problem, however, requires further study. The 
dilatometer curves of stecl specimens heated at the 
rates of 750 to yoo" C/sec show absence of any volune 
changes in the 300 to 4oo°C temperature range which 
could be taken as an indication that the transformations 
are completely suppressed in this temperature range; 

the results of the X-ray analysis, however, show that 
under these conditions there is a slight decrease in 

the degree of tetragonality and in the proportion of the 
retained austenite. It is therefore more Likely that 

at fast rates of heating the transformations are 
completely suppressed at temperatures up to 200°C, after 
which both transformations take place simultaneously, 
the volumetric changes caused by them caucelling each 
other; when higher temperatures are reached, the first 
transformation predominates which results in contraction 
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shown by the respective dilatometer curves. There are 
10 figures, 1 table and 5 Soviet references. 
ASSOCIATION: Tsentral'nyy nauchno-issledovatel'skiy institut 
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Gulyayev, A. P., Sanchuk, Ya. £. S0V/163-59--2~32/46 
Production of &-Martensite in the Plastic Deformation of Steel 
(Obrazovaniyo ¢-martensita pri plasticheskoy deformatsii stali) 


Nauchnyye doklady vysshey shkoly. Metallurgiya, 1959, 
Nr 2, pp 181-185 (USSR) 


The formation of €-martensite in the plastic deformation of 
steel of the type !IKh18N9T was investigated. The sample was 
investigated radiogrephically after the thermal treatment in 
order to detect the phases. No hexagons? nhase was found in the 
sample immediately after hardening at 1050 1150°. A y- and en 
phase were detected in the steel sample after hardening at 
1150°-12009. A hexagonal €-phase could be detected in steel 
samples which were hardened and then deformed at 20° in the 
case of a certain degree of deformation. The influence of the 
hardening temperature on the formation of the é~phase in 
martensite is given in figure 1, The phase composition of steel 
after the deformation ig summarized in table 2. The €-phase is 
formed according to the reaction yYrre —>& in the case of 

a lower degree of deformation. The @-phase is formed according 


APPROVED FOR RELEASE: 09/19/2001 CIA-RDP86-00513R000617320009-3" 


eat Ut 


zit 


"APPROVED FOR RE 


LEASE: 09/19/2001 CIA-RDP86-00513R000617320009-3 
oh gm arnt remmcan ae seg sh cH ESPRENE EE TOD Ve ES ERE ESE FERED RBLEEL ARE UTESS UC SPE 8 9B EU N BIB oBALEE uid at: 


Production of ¢~Martensite in the Plastic Deformation S0V/153-59-2-32/48 


of Steel 


ASSOCIATION: 
SUBMITTED: 


Card 2/2 


to the reaction Y — < in the case of a deformation degree of 
more than 18 %. The parameter of the crystal lattice of the 
Yrarphases were determined and are given in table 3, The 
€-phase is formed in the deformation of stainless austenite 
steel and has a hexagonal structure. A reduction of the 
nitrogen content and other elements in the solid y-solution 

is favorable for the formation of €-martensite in the 
deformation. The reduction of the deformation temperature is as 
well favorable for the production of ¢-martensite., The 
radiographs of cobalt and those of the steel type iKh1iGNOT 
were taken and are given in figure 4 for comparison. There are 
4 figures, 3 tables, and 5 referonces, 2 of which are Soviet. 
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S0¥/163-59-2-19/48 
Gulyayev, A. P., Artem'yeva, S. I. 


Simplified Methods of Determining the Heating Tine of Steel 
Products in Salt Baths (Uproshchennyye metody opredeleniya vremeni 
nagreva stal'nykh izdeliy v solyanykh vannakh) 


Nauchnyye dcklady vysshey shkoly. Metallurgiya, 1959, Nr 2, 
Pp 103 - 108 (USSR) 


The thermal treatment is a temperature-time process. While the 
temperature values of the conversion processes are exactly known, 
this is not true for the time values. The heating time depends 
on many factors. Due to the manifoldness of the heat-treated 
steel products, it is impossible to set up a general relation 
between form and heating time. In the present paper, the heating 
times for simple geometric forms of steel were determined. For 
the total tine of heating, the following equation is set up: 
LT el A + 8B, A representing the time until the attainment of 


the temperature prescribed, and B the time necessary for the phase 
conversions ,peaquired. Figure 1 shows the dependence of the heat 
content | / external and internal hardness of a cylinder on the 
time of heating. For the investigated bodies with 25 mm diameter 
or edge length, B= 1 minute. Figures 2,4,4, and 5 show the 
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heating curves for ball, cylinder and two parallelepipeds. The 
formula for the total duration of heating, on the basis of the 
experiments, is indicated:t | = 0.1KK,D + 1 (D = diameter or 


edge length, K = form coefficient depending on the shape of body; 
the coefficients for the geometric forms indicated are given in 
tables 1 and 2; K, » length coefficient depending on the ratio 


+ . The formula derived applies to values of D between 10-15 


and 50 - 70 mm. There are 5 figures and 2 tables. 
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PREECE. MRE EY 


SOV/129--59--1-4/17 
Z av, Mire of Veen ss ReLenaes ; Professor, 
Lepuev, S.¥., Engineer and Potak, Ya.M., Candidate of 
Technical Sciences 
anitic Steels (Austenitnyys stali 
Lisvsderiye i Termicheskaya Ohrabctka M 
2 po 10 ~ 15 CUSSR) 


stigation of the stainiess steels EI9C4 and EI925 

shown that if the martensitic point is at room 

raturs, even if the sarben content is 0.05 ~ 0.10%, 
: possitle te arrive at a high strength (90 - 130 kg/mm 
ecmbineda with a hs deetiivcy and inpact otrengta. The 
aithers of this paper have sttempted to verify ona 
series of high-nicksl ctntent steels the earlier expressed 
assunpti.o3 that cptimum mechanical properties are achieved 
if she teoh temperasure sorresponds wit th the temperature 
cf the martansitic print (Author's rtit dated 
Mazoh 25, 1957, Ne 110052). ns rime: were carried 
cub on two series a Be a ee wth a saphon content of 
0.2% and xsdevired cc é 5 Rati 3, 25. & 
and €8%, the af OT a anh 41% and 
pichel. ssnte ; 9, di, 2. "and 235.6%. 


High--strength Aust: 
vysokey procshrosti 
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The contents of the usually present edmixtures were 

0.57 - 0.59% Mn, 0.30% Si, 0.019 - 0.020% S and 

0.015 - 0.08% P.(The experimental part cf this work was 
carried out with the participation of Ye.V. Yegorov). 

The specimens fcr tensile and impact tests were yroducea 
from forged rods which were hardened from 1 100 “C and 
cooled in air and,fcllowing that,were tested at room 
temperature. The mechanical properties of the experimental 
alloys as a functicn of the nickel sontent are graphed 

in Figure 2, The authors summarise their conclusions as 
follows: i) steels sf the transient class possess a Dar~ 
bicular combination of mechanical preperties which are 
not encountered in steeis of other types, These steels 
can have low yield points (20 - 40 kg/mm°) combined with 
high ultimate etrength values (100 - 200 kg/mme). The 
mechanical properties of these steels depend predominantly 
on the abiiity of austenite to change into martensite 
Gacing deformation and aise on the resistance to fracture 
cf the martensite whieh forms during the testis. If 
hardening martensite is present in the initial svructure, 
its strangth aiso determines the methanical properties of 
the steel: 2) tensile tests of nickel steels cf the 
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High--strength Austenite Steels SOV/129--59 14/17 
a Spt cis. bo ~¥ hi E 2 Seed 
cre 6 claatPehtain 0.26% C with an initially pure 


Combe an Fan le 
austenstic Btructure,revealed that such steels have a 
high plastic deformation (elongation up to 60%); the 
fracture takes place without necking, whereby the value of 
Gke relavive elengation is larger than thet cf the relative 
transverse ccntracticn. It was sonfirmed that for steels 
with unstable autenite, it is pessible te obtain a 
comination of strength and Quctility which upparently 
wensot Sa achieved for steels cf other types of structure. 
There are 2 figures, 1 table and 4 references, 2 ct which 
are Soviet, L Ameo: and 1 German. 
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Gordon, I. Z., Gulyayev, A. P. 50V/163-59-1-42/50 


Influence of the Duration of Drawing Upon the Mechanical 
Properties of Steel (Vliyaniye prodolzhitel'nosti otpuska 
na mekhanicheskiye svoystva stali) 


Nauchnyye doklady vysshey shkoly. Metallurgiya, 1959, Nr 1, 
pp 220-224 (USSR) 


This is an investigation of the problem, whether in cases 

where by means of different drawing methods the same hardness 
is obtained, the other mechanical properties are also equal. 
Disks made of steel 50 and steel 40KhHNMA with a diameter of 

20 mm and a thickness of 6 mm were investigated. The steel 50 
was water quenched at a temperature of 840°, the steel 4OKhNMA 
was quenched in oil at 850°. Afterwards the disks were subjected 
to a drawing treatment at different temperatures (200-600°) 

and different halting times varying from 5 minutes to 24 hours. 
Equations (1), (2), and (3) are given. They hold for drawing 
temperatures of 200 to 600 degrees and for halting times from 
10 minutes to 24 hours. The values for the hardness, the 
temperature and the duration of drawing were obtained ac ording 
to these equations and the diagrams (Figs 1, 2) were plotted. 
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Influence of the Duration of Drawing Upon the $07/163-59-1-42/5C 
Mechanical Properties of Steel 


Such drawing methods were selected which yielded hardness 
values of 30, 35, and 40 R, with steel 50 and values of 30, 


40, and 45 R, with steel 40KhNMA, Ro denoting the Rockwell c¢ 


hardness. The samples were treated under these conditions and 
their properties were determined. The investigations showed 

that if different drawing methods yield the same hardness, the 
other mechanical properties are also equal. The drawing methods 
for both steel types investigated can be selected according to 
the diagrams presented in this paper or according to equations 
(2) and (3). There are 2 figures, 7 tables, and 1 Soviet reference. 


ASSOCIATION: Moskovskiy vecherniy mashinostroitel'nyy institut (Moscow 
Evening Class Institute of Machine Building) 


SUBMITTED: March 5, 1958 
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SOV/126~8-3-31/33 
AUTHORS: Gulyayew As P- and Zelenova, V.D. 
TITLE: Investigation of the Pearlitic Transformation of Isolated 
Austenite Powder 


PERIODICAL: Fizika metallov i metallovedeniye, 1959, Vol 8, 
Nr 3, pp 475-476 (USSR) : 


ABSTRACT: The method of isolated austenite powder manufacture from 
a quenched steel by anodic solution has been described 
by Zelenova (Ref 1). In this paper the results of a 
study of the pearlitic transformation of isolated 
austenite are given. This transformation was studied in 

powder separated by electrolytic solution from the quenched 

steel Khl2F1 (1.49% C, 12% Cr, 0.28% V). The isothermal 
transformation diagrams of austenite for the quenched 
steel Khl2F1 and for isolated austenite separated from 
this steel were compared. Isothermal decomposition curves 
for powder and solid specimens were plotted by means of 
an anisometer of the N.S.Akulov system for which purpose 
the austenite powder and solid specimens were heated to, 
and soaked in, the temperature range 300 to 700°C. The 
powder obtained by electrolytic solution of the steel 

Card 1/3 was transferred to a quartz tube with a ground cork La 
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Investigation of the Pearlitic Transformation of Isolated Austenite 


Powder 


Card 2/3 


In order to obtain the isothermal decomposition curve of 
austenite for the solid specimen, the latter was also 
placed in a quartz tube in order to ensure,as far as 
possible, identical conditions of heating to a constant 
temperature. The solid specimens and powders were, after 
soaking in the isothermal bath, also investigated by t 
X-rays. In the investigation of the steel Khl12Fl an 
isothermal transformation of austenite in the solid 
specimen, as well as in the powder, has been observed in 
the pearlitic transformation range. The isothermal 
decomposition of austenite diagrams for the solid 
specimen and for the powder are shown in the figure on 

p 476. X-ray photographs, taken of the powder prior to 
isothermal soaking, show only austenite lines consisting 
of separate point reflections. X-ray photographs taken 
of the powder after isothermal treatment show continuous 
diffraction lines of the a-lattice. The X-ray pictures 
are identical for the powder and the solid specimens. 

The authors conclude that the essential difference between 
isolated austenite and that of the solid specimen in the 
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SOV/126-8-3-31/33 
Investigation of the Pearlitic Transformation of Isolated Austenite 
Powder 
initial condition is the fact that secondary stresses 
are absent in powder made by electrolytic solution of 
quenched steel, There are 1 figure and 2 Soviet 
references.: 


ASSOCIATION: Tsentral 'nyy nauchno-issledovatel'skiy avtomobil'nyy i 
avtomotornyy institut (Central Motor Vehicle and Engine 5; 
Scientific Research Institute) a 


SUBMITTED: February 10, 1959 
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AUTHORS: Gulyayev, A.P. and Zelenova, V.D. 
TITLE: Investigation of the Intermediate Transformation of 


Isolated Austenite Powder 


PERIODICAL: Fizika metallov i metallovedeniye, 1959, Vol 8, 
Nr 3, pp 476-478 (USSR) 


ABSTRACT: Gulyayev et alii. (Ref 1) have shown that no martensitic 
transformation occurs in monocrystalline austenite 
powder made by electrolytic solution of quenched steel. 
The aim of this work was to establish the characteristics 
of the isolated austenite transformation in the 
intermediate temperature range and compare them with those 
of a solid specimen. The intermediate transformation of 
isolated austenite was studied in powder separated by 
electrolytic solution from quenched 144Kh3 steel 
(1.44% C, 3.45% Cr, 0.21% Si, O.36% Mn). The 
investigation of the isothermal transformation of 
austenite of the quenched 144Kh3 steel and the separated 
electrolytic deposit was carried out with an anisometer of 
the N.S.Akulov system. Isothermal decomposition curves 
were plotted at 300 and 4oo*c. Specimens of the quenched 
steel and of the electrolytic deposit were heated Li 
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SOV/126-8-3-32/33 
Investigation of the Intermediate Transformation of Isolated 
Austenite Powder 


anisometer bath and held there for different periods 
of time after which they were quenched in water. For 
solid specimens of the above steel, a transformation was 
observed in the temperature range 300 to hoo*’c. The 
isothermal decomposition of austenite curve at 400°C is 
shown in the figure on p 477. An X-ray investigation of 
the electrolytic deposit has shown that a small increase 
in magnetic induction of the powder as the result of 
soaking at the intermediate transformation temperature 
is due to the formation of Fe304. X-ray photographs of 
the powder after isothermal soaking are analogous to 
those taken of the original powder, except for the oxide 
lines. Thus, as in the case of the martensitic 
transformation, there is no intermediate transformation of 
isolated austenite obtained by electrolytic solution, 
whereas in the solid specimen it takes place in the usual 
way. The transformation of austenite in the medium 
temperature range has common characteristics with the 
martensitic transformation. This has led to the idea 
Card 2/3 that the transformation in the medium temperature range 
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Investigation of the Intermediate Transformation of Isolated 
Austenite Powder : 


passes through martensite formation. Such a point of 
view has been expressed by Shteinberg (Ref 3), 

Minkevich (Ref 4) and Kurdyumov (Ref 5). The absence of 
transformation in isolated austenite in the intermediate 
transformation temperature range confirms the hypothesis 
of the martensitic nature of the y—»a change in the 
bainite transformation. There are 1 figure and 5 Soviet 
references. 


ASSOCIATION: Tsentral'nyy nauchno-issledovatel'skiy avtomobil'nyy i 
avtomotornyy institut (Central Motor Vehicle and Engine 
Scientific Research Institute) 


SUBMITTED: February 10, 1958 yU- 
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GULYAYEV, A.P., doktor tekhn.nauk, prof.; VOROKHANOVA, M.¥., inzh. 


east 


"Microscopie investigation of plastic deformation. (Truay] 
MSUIITMASH 91:188-200 '59. (MIRA 12:8) 


(Deformation (Mechanics) ) (Hetallography) 
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PHASE I BOOK EXPLOITATION SOV/4451 


Gulyayev, Aleksandr Pavlovich, Professor, Doctor of Technical Sciences , 
eee 


Termicheskaya obrabotka stali (Heat Treatment of Steel) 2nd ed., rev. and enl. 
Moscow, Mashgiz, 1960. 495 p- 12,000 copies printed. 


Reviewer: A.G. Rakhshtadt, Candidate of Technical Sciences; Managing Ed. for 
Literature on Metalworking and Machine-Tool Making (Mashgiz): V.I. Mitin, 
Engineer; Ed. of Publishing House: V.V. Rzhavinskiy, Engineer; Tech. Ed. 


Z.1. Chernova, 


PURPOSE: This book is intended for technical personnel working in the field of 
physical metallurgy and in the heat treatment of metals. 


COVERAGE: The author reviews the theory and general problems of steel heat treat- 
ment on the basis of his own findings. The mechanism of metal phase transfor- 
mation and metal crystallization is outlined. Formation and decomposition of 
austenite, pearlite, bainite and martensite are discussed. The effect of 
quench-hardening, tempering and annealing of steels is analyzed. The micro- 
photographs used by the author were taken from works of Ye.V. Petunina, Al. 
Gardin, A.N. Alfimov, V.D. Zelenova, M.P. Zel'bet, M.V. Taratorina, ard others. 

There are 519 references; mostly Soviet. 
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PHASE I BOOK EXPLOITATION gov /5116 
Akademiya nauk SSSR. Institut mashinovedenlya 


Instrumental'nyye rezhushchiye materialy (cutting-Tool Materials ) 
Moscow, Izd-vo AN SSSR, 1960. 137 p- 6,000 copies printed. 


Resp. Ed.: A. I. Isayev, Doctor of Technical Sciences, Professor; 
Rd. of Publishing House: G. B. Gorshkov; Tech. Ed.: N. F. Yegorova- 


PURPOSE: This collection of articles is intended for scientific personnel 
and production engineers engaged in the manufacture and use of cutting tools. 


COVERAGE: ‘The collection contains papers read at 4 seminar on cutting-tool 
materials organized and sponsored by the Komissiya po tekhnologil mashinostroy- 
eniya (Commission on Processing in Machine Building). ‘The seminar investigated 
the cutting properties of ceramic and carbide tool materials, the effect of 
temperature on cutting edges, the problem of wear, and the possibility of 
using cutting tools more efficiently. No personalities are mentioned. 
References accompany each article. There are 81 references: 79 Soviet, and 
2 English. 
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Belousov, A. I. Prospects of Increasing the Cutting Properties of Tool 


Materials 


20 


Kravtsov, V. I. Q the Problem of Studying the Cutting Properties of 
Ceramic Materials, Using Clean-Surface Friction Models in the Cutting 


of Metals 


32 


Kalitin, P. P. Improving the Production of Ceramic Tool Materials 
at the Moskovskiy kombinat tverdykh splavov (Moscow Hard-Alloy Combine ) yo 


Reznikov, A. N. Temperature [Distribution] on the Surfaces of the Cut- 


ting Tools, and the Wear of Cutting Edges 
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GRUZIN, P.L.; GULYAYEV, A.P.; MARTINSON, ¥.G.; POLIEARPOV, Yu.A. 
ficbuelgatine the temperature relation of the cet 
ratio of iron in steel. Izv. vys. uchab. ZaVe; Oe a 
no.12167-170 '60. 


1 
1.Moskovskiy vechernly mashinostroitel'nyy institut 4 TSentral' nyy 
nauchno-iseledovatel' skiy institut chernoy metallurgii. 

(Iron--Isotopes ) (Diffusion) 
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GULYAYEV, A.Po3 KRAYNEVA, Zaft. 
_ Steel tempering in a clamping device. Izv. VY8. mehe bs ZAVL3 
chern, met. no.2:121.-123 '60. (MIRA 15:5) 


1, Moskovskiy vecherniy mashinostroitel'nyy institut. 


(Steel ---Hoat treatment) 
(Tempering---Equipment and supplies) 
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3/137/61/000/005/051/060 


12-\\ 21,566 A006/A106 
al 
AUTHORS: Gulyayev, A. P.; Rustem, 3S. L.; Orekhov, G, N., and Alekseyeva, 
GR 25 SS 
TITLE: New steels for hot press forging of heat resistant alloys 


PERIODICAL: Referativnyy zhurnal. Metallurgiya, no. 5, 1961, 16, abstract 51110 
(Vv eb.: "Metallovedeniye i term. obrabotka metallov" [Tr, Sektsii 
metalloved, 1 term. obrabotki metallov, Tsentr. pravl, Nauchno-tekm, 
o-va mashinostroit, prom-sti, no. 2] Moscow 1960, 179-196) 


TEXT: The authors carried out comparative investigations of the properties 
(nardenability, roasting ability, heat resistance, maximum heat resistance, aa 
adhesion resistance, mechanical properties at room and higher temperatures, 
hardness in hot state) of 15 compositions 3X2B8 (3Kh2V8) Cr-base die steel. 
These compositions are characterized by 1) higher C content at normal W oontent; 
2) higher W content; 3) lower W content at higher Cr, V, and Ti or Cr and Si 
amount; 4) admixture of Mo, Co or Ni, 5) Mo instead of W and alloying with 
Mo, W and Ni, It was established that steels whose compositions are given in the 
table below, showed optimum properties. Grade 4kh3V8M and 4KnVeM2F steels were 
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New steels for hot press forging _, 24566 A006/A106 


subjected to industrial tests and are recommended for the production of dies for 
the hot deformation of heat resistant parts, - 
Table: 

Steel [——__—__ Alloying elements, 9 g elements Cope te ee ee 


4X6B6C 


heer Ore 


4X3BeMe® 


0 .35-0.45 


0,35-0.45 


There are 14 references. T. F, 
[Abstracter's note: Complete translation] 
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18.7500 
S-L/LS 
AUTHORS: Gulyayev, A. P. (Doctor of Technical Sciences, Professor}, 
and Zélenova, V. D. (Canaigare of Technical Sciences) 
TITLE: Distribution of Carbon in CGase-Hardened layer of Aliay 
Steels 


PERIODICAL: Metallovedeniys 1 termicneskaya obrabotka metaliov, 
1960, Nr 3, pp 2-7 (USSR: 

ABSTRACT: This is a report concerning an investigation af steel 
18KnGT containing 0.21% G, 1.07% Mn, 0.29% Si, 1.03% Cr 
and 0.15% Ti. Some additional experiments were con- 
ducted with steel 1Kbi3 (3.1% C; 13% Cr) and steel 
IKh17Ne {0.1% ©; 17% cr; ag Ni: For comparison 


Pi 


steel 20 (0.2% C} was inv restigated The samples of 
stée] 18KnGT (10 x 10 «x 20 mm) were case-hardened in 
the solid carburizing agent ar 920° C over a period er 
3 and 6 hr. After case-hardening, some samp es were 
quenched in oil with prececiing ‘for pre zeoo ling tne 
Card 1/ Samples were swiftly carried Prem ca box 


APPROVED FOR RELEASE: 09/19/2001 CIA-RDP86-00513R000617320009-3" 


"APPROVED FOR RELEASE: 09/19/200 


1 CIA-RDP86-00513R000617320009-3 


PTR EES EEE Sia TT EPS S 


Distribution of Carbon in Case-Hardened 
ayer of Alloy Steels 


to the bex with carburizing 
and held for 1 nr). 
Cut precooling, either ino 


disintegration of mar 


atmosphere at g40° 6 fap ‘ 
quenched Prom 
at -7O° ¢ 
experiments showed that 
ent distributions of carbon 
"normal" distribution as in 
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distribution of carbon seemt 
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is characterized by the 
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The treated Samples were 
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Layer of Alloy Steeis G-i/16 


Lal 


away from the surface, The "apnormai! distribution or 
carbon is characterized by the maximum content of 
carbon in the solution located nct on the surface 

but at some distance away from 1t {though total 

earbon content in the layer shows maximum en the 
surface). Tnerefore there is a layer on the surface 

in which total earbon ccntent is larger tnan its 
content in the solution. The excess earben is found in 
carbides. All experiments are deseribed and discussed. 
The process of case-nardening of nigh-chromium steels 
takes place at high temperature (950° C) and requires 
15 nr. Under these conditions an equilibrium state, 

or that close to equilibrium, is reached, and 2a 
diffusion redistribution of chromium takes place. 
Case-hardening of 18KhGT steel takes place at 

lower temperature (920° C}), and it requires only 

6 nr. The initial state of 18KnGT steel corresponds 

to point C,. At the beginning of saturation the 
concentration corresponds to point C.. Then, as in 


the case of high-chromium steeis, begins tne stage 
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Distr toution of Carbon in Case-Hardened 
Layer of Alloy Steeis 


of carbide formation (cementite). The formation and the 

growth of carbide particles causes tne impoverishment 
(regarding carbon and chromium) of adjoining 1 rezions 

of austenite, which results in the decrease of 

general concentration or carbon in austenite. There 

are 9 figures. 
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GULYAYEV, A.P.; SPIRIDONOVA, K.5. 


Mechanical properties during tool steel torsion. Izv.vys.uchebd. 
zave; chern.met. no.5:142-145 '60. (MIRA 13:6) 


1. Moskovskiy vecherniy mashinostroitel'nyy institut. 
(fool steel--Testing) 
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[8.4100 81875 
§/129/60/000/08/002/009 
18.1130 073/B135 
AUTHORS: Gulyayev, A.P. (Doctor of Technical Sciences ,Professor, 
and Makarov, VM. (Engineer) 


TITLE: Martensitic Transformation Mechanical Properties and 
Structure of stainless Steals of the Austenite- 


AUS Vent Von. 
Martensite goiass 


PERIODICAL: Metallovedeniye i toe obrabotka metallov, 
1960, No 8, pp 3-9 (+ 1 plate 


TEXT: The steels of this type which are most widely used in 
the U.S.S.R. are& the steel Kh17N7Xu ,# which corresponds to the 
American steel 17-7-PH, and the steel Khl5N9Yu (B1904%or SN2). 
The authors of this paper investigated the steel Khil5N9Yu, which 
bas the following composition: 0,07% C; 14.9% Cr; 8.9% Ni; 

1% Al. The kinetics of martensitic transformation were studied 
by means of the anisometric method, It was found that after 
quenching from 800 °C the maximum temperature of the Min point 
equalled 80 °C, and the maximum quantity of martensite was 30% in 
the case of cooling to 20 °C and 70% in the case of cooling to 
~70 to -80 0G, If it is desired that after quenching the 4 
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81875 


8/129/60/000/08/002/009 
E073/E135 
Martensitic Transformation, Mechanical Properties and Structure of 
Stainless Steels of the Austenite-Martensite Class 


structure should remain an austenitic one and that the 
transformation should occur only in the case of under-cooling to 
Sub-zero temperatures, the initial heating temperature should be 
about 975 %G, In this case under-cooling to -70 °C is not 
enough and for full martensitic transformation temperatures as low 
as -100 to -120 9G are required. After quenching from 
temperatures above 950 °G the Min point is located at below zero 
temperatures and the structure of the steel will be an austenitic 
one (possibly with a certain quantity of e-martensite). As 
regards the influence of the speed of cooling, the results 
obtained for this steel are in agreement with the influence 
observed in earlier work (Ref +) on the steel Kh12FI\6(1.5% CG, 

12% Cr, 14 V). Rapid cooling in the martensite range suppresses 
martensitic transformation during cooling but intensifies the 
transformation under isothermal conditions and during heating. 

The data on the results obtained from the various heat treatments 
are entered in Table 1, The influence of various heat treatments 
on the mechanical properties was also investigated and the results 
are entered in Table 2 and plotted in Figs 6 and 7, \X 
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It was found that the best mechanical properties are obtained for 
steals containing 35-40% aged martensite and 60-65% austenite. 
These are obtained by quenching to produce an austenitic structure 
and subsequent treatment at sub-zero temperatures and ageing. 
Quenching from lower temperatures, of about 800 °C, will yield a 
similar martensite to austenite ratio but the carbides which are 
rejected along the grain boundaries reduce the ductility and the 
impact strength of the material. The structure of the steel was 
investigated by magnetic measurements and also by means of an 
electron microscope, In Fig 9 microstructure photos (X 5000) are 
reproduced for material which was quenched from 975 °C, and also 
for material quenched from 750 °C. 

There are 9 figures, 2 tables and 8 references’ 5 Soviet and 
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E021/E406 
AUTHORS : Gulyayev, A.P, and Shigarev, A.S. 
TITLE: ‘The Formation of Martensite at High Rates of 
————— On Of tartensite 
Deformation | 


PERIODICAL: Fizika metallov 
pp .691-697 


‘4 
TEXT: Two steels were tested: X15H910 (Kh15N9Yu) (0.07% carbon, 
14.9% chromium, 8,9% nickel and 1% aluminium) and x%1291 
(Kh12F1) (1, 4% carbon, 11,2% chromium and 0.7% vanadium). The 


following three methods of deformation were used: static 
compression (2 mm/min ) ; impact (250 m/sec); and explosion / 


i metallovedeniye, 1960, Vol.10, No.5, 


(5000 m/sec), 


The results of the 
deformation 


+ no increase in the 


e As the rate of deformation 
during the impact experiments (or the pressure developed during the 


explosion) increased, the quantity of martensite formed also 
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increased. This must have been connected with the greater degree 
of transverse deformation. Martensite formed along 4 greater pee 
length in the samples of the Khl2F1 steel in the impact experiment 
because this steel had a lower plasticity, and deformed less in a 


transverse direction. In the explosion experiments this steel 
broke with a brittle fracture with no trace of plastic 
deformation, and no increase in martensite was observed, The 


method of deformation which led to the formation of the greatest 
quantity of martensite also gave the biggest increase in hardness. 
On the other hand, the method which required the greatest degree of 
deformation to form a given quantity of martensite also produced the 
biggest increase in hardness, Fig.8 shows the increase in 
hardness against the increase in quantity of martensite. Curves l, 
2 and 3 are for the static compression, explosion and impact 
experiments respectively. There are 8 figures, 3 tables and 

15 references: 7 Soviet and 8 Non-Soviet. 
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--—~-~—meauiky SAVERINA, S.M., inzh.; YAKOVLEVA, V.I., red.; UVOROVA, 
A.F., tekhn. red. 


(Tool steels, properties and heat treatment; manual] Instrumental’. 
nye stali, svoistva 1 termicheskaia obrebotka; spravochnik, Mo- 
skva, Gos, nauchno-tekhn, izd-vo mashinostroit. lit-ry, 1961. 205 p. 


(MIRA 14:8) 
1. Moscow. Vsesoyuznyy nauchno-issledovatel'skiy instrumental '‘nyy 
institut. 


(Tool steel) 
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8/137/62/000/005/094/150 
4006/A101 


AUTHORS ; Gulyayev, A. P., Fadyushina, M. N. 
TITLE; Red-heat resistance of high-speed steel 


PERIODICAL: Referativnyy zhurnal, Metallurgiya, no. 5, 1962, 62 - 63, abstract 
51373 (V sb. "Metodika i praktika metallogr. issled. instrum, stali", 
Moscow, Mashgiz, 1961, 70 - 75) 


TEXT: To develop a method of testing red-heat resistance of high-speed 
steel, the authors studied the effect of the method and duration of heating and 
repeated heating upon the reduction in hardness, measured at room temperature, 
Tne investigations were made on grade P 9 (RQ) steel quenched from 1,230°C and 
tempered 3 times at 560°C, -Red-heat resistance tests are conducted as follows: 
specimens of a given heat are treated under conditions recommended for the given 
steel grade; they are then heated to 575°C with 4 hours holding time, air-cooled, 
and their hardness is measured, These specimens are then heated to 600°C, held 
for 4 hours, and the same operation is repeated and extended to 700°C, The re-~ 
sults obtained are used for the plotting of a "hardness versus 44-hour heating- 
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temperature" curve. The temperature causing a decrease in the steel hardness 
down to a given value, as e.g. to 58 RC, is taken as a red-heat resistance 
standard. Standards of red-heat resistance are given for 9 high-speed steel 
grades. 


N. Kalinkina 


[Abstracter's note: Complete translation] 
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AUTHORS : Gulyayev, A.P., Professor, Doctor of Technical Sciences, 
and Shigarev, A.S., Engineer. 
TITLE; Thermal-mechanical treatment of steel and its influence 


on mechanical properties 


PERIODICAL; Metallovedeniye i termicheskaya obrabotka metallov, 
1961, No. 5, pp. 9-12 


TEXT: The work described had the object of finding the 

influence of changes in the degree of deformation in thermo- j 
mechanical treatment on the mechanical properties of a steel | 
(0.50% C, 1.55 Cr, 4.0 Ni, 0.31 Mo, 0.27 Mn, 0.25 Si, Me = 250 °c, \ 
AC) 730°, Ac3Z 810°). 45 x 45 mm blanks were forged from 

150 x 150 x 300 mm ingots and annealed at 1200 °C for 10 hours. 

In some experiments the properties obtained by ordinary heat 

treatment (oil quenching from 900 °C, tempering at 50-700 °C 

approx.) were studied, In the main experiments 20 x 30 x 65 mm 
specimens were deformed on a 100-ton press at 900 or 550 °C 

(actually 800-900 and 500-550 °C); some specimens were then oil 
quenched and others soaked at 320 °C for 2 hours (molten tin). 
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Thermal-mechanical treatment of steel and its influence on 
mechanical properties 


Impact and tensile test pieces were machined from the treated 
specimens and tempered at 100 °C before testing. For deformation 
at 900 °C followed by oil quenching the tensile strength rose 


continuously with rising degree of deformation (up to 90%); the 
toughness curve approached a limiti. -alue, while the yield 
point, elongation and reduction in a: :.. behaved in a more 


complicated way due to the influence of variations in residual 
austenite content. In general both strength and plasticity were 
higher with 90% deformation than without, tensile strength 

270 kg/mm2, yield point 190 kg/mm2, elongation 9%, decrease in 
cross-sectional area 22%, toughness 4 kg.m/em2; the corresponding 
values without deformation but with oil quenching being 246, 175, 
6, 9, 2. with isothermal soaking after deformation at 900 °C 

the strength and plasticity values were not nearly so good as 
with the quenching; variations in residual-austenite content were 
similar, increasing at small deformations and decreasing with 
large, Deformation (up to 35%) at 550 °C followed by oil 
quenching showed that yield point and toughness vary with 

Card 2/ 3 


APPROVED FOR RELEASE: 09/19/2001 CIA-RDP86-00513R000617320009-3" 


"APPROVED FOR RELEASE: 09/19/2001 CIA-RDP86-00513R000617320009-3 


Say 54 ET £18 FS ESE ELS Teg 3a LiL ae es Bs PEE Ss LESH, SHER PARIS T} WERE RIES | B2e REUSE Dh S20 SS AT ARE RS ETE G EEL | Eek Rd SAS SUN aa 
RY Pa SE EA PN I NR PR IH a OR TRE RC A SC 


bet 


22546 
$/129/61/006/005/002/003 
E111/E152 


Thermal-mechanical treatment of steel and its influence on 
mechanical properties 


deformation as in the 900 °C-experiments; plasticity falls to 
15-17% deformation and then rises to the highest value at 35%; 
tensile strength rises steadily. With isothermal soaking ; 
(giving bainite) after deformation at 550 °C all the mechanical 
properties deteriorated with increasing deformation (up to 35%) 3 
the authors suggest this aspect needs further study. 


There are 3 figures and 1 table. 
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Strengtn of steel and the problem... EL11/£135 


the cross-section of the part, "Hereditary" grain fineness is 
secured by suitable deoxidation (Al + Ti) to give a very limited 
residual content cf elements and, possibly, by additicnal "micro- 
alloying" (V, Nb cr Tid. Duct2lity reserve can be increased, over 
that obtained by thermal improvement and fine austenite grain, by 
introducing nickel (1-3%). Suppression of temper brittleness is 
obtained by alloying with 0.2-0.4% Mo. 

There are 2 figures and 2 tables. 
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AUTHORS : Gulyayev, Ae Pes and Leshchinskayn, R. P. 


TITLE: Scale of fracture surfaces of high-speed steel 
PERIODICAL: Zavodskaya laboratoriya, vy. 27, no. A. 


TEXT: The authors developed a scale for evaluating the site of austenitic 
grains on the fracture surfaces of high- -speed sreei. With nermal heat 
treatment, high-speed steel has a fine-grained structure and cconehoidal 
fracture. In this case, the grain site is denoted by the scale divisions 
9 to 11 of the POCT-5639-51 (GOST-5639-51). However. under certain 
conditions of heat treatment or during hot plastic deformation high-speed 
steel is prone to abrupt enlargement 2f the austenitcs grains, The 
fracture surface of such a steel has a characteris*i gioss and is called 
‘naphthalizing". The minimum grain surface for which the individual ; 
spangles can still be differentiated with the naked eye. amounts to ~ 8000 
~ 10 ; 000p? . In the case of even smaller grains. the goangies cannot be 
distinguished any more and the fracture surface is conchoidal. The 
characteristic features of the naphthalising frasturs surface are. however, 
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clearly recognized under the microscope or magnifying glass Se far there 
exists no quantitative determination method for thy grain site in high. 
speed steel by means of the fracture surface. For this purpose, the 
authors developed a 10-step method iliustrated by micrcohoteas [Abstracters 
note: not reproducible], which characterizes the sire of the ansteniti 
grains from very large to normal. Each step of the scale was photographed 
in 3-fold and 100-fold magnification. The numbers cf the scal2 correspond 
to the scale divisions in GOST-5639-5! with Presper. to the surface ef an 
average grain. The grain size of each step corresponds ta she equation: 


ne 20 N being the number of the Step, n the number of graing per 

6.4 cm°, of the reproduction Surface in !00-feld ragnification. The 
authors used various heat treatment processes (e-g., repeated hardening) 
in order to produce grains of different size in specimens of P1Q (R18) 
steel. The grain size was determined on the polished microsection by 
calculating nodal points (S. A. Saltykov, Stereometricheskaya metallo-~ 
grafiya (Stereometric metallography), Metallurgizdat £'958)), The autho 
scale differs from that in GOST -5639-51 by classifying the microstructures 
as well as the fracture surfaces of the steel, Morsever, an the authorg? 
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Scale of fracture... B104/B206 
scale the degree of heterogeneity of the grain size cf the same step 
(s ) = ratio between the face of the largest grainz and that of 
ma aver 
average ones), is much higher than in the GOST scale mentioned. The ratio 
S /s fluctuates with different scale divis:cna between 2 and 10. 


max’ aver 
An evenness of the grain size is, however, not observed in real micro- 
structures. In the case of the naphthalizing fracture surface, this 
becomes specially obvious. The authors! scale is therefora very well 
suited for determining the grain size according to the microstructure in 
such specimens. There are 10 figures and 1 Soviet vloo reference, 
Abstracter's note: Essentially complete transla:z Lon] 
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AUTHORS: lyayev, A.P., Doctor of Technical Sciences, 
Medvedev, Yu.S., Engineer 


TITLE - Stainless chromium-manganese-nickel-nitrogen 
stainless steels with titanium, niobium and molybdenum 


PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallovw. 
no.2, 1962, 21-28 


TEXT: The properties of chromium-manganese-nickel steels with 
various carbon, nitrogen, manganese, nickel, titanium, niobium ana 
molybdenum contents were studied. It was considered that the 
addition of these elements would reduce the susceptibility of the 
steel to intergranular corrosion, The range of compositions (%) 
of the steels studied was: 0,03 to 0,963 Cj 0.10 to 0.42 N. 
16.15 to 18,67 Cr; 4.06 to 6.67 Ni; 6.3 to 10.9 Mn; O to 2.0 Nb 
three heats also contained 0,56% T and 1,92 to 3.0% Mo but no 
niobium, The steels were melted in 40 kg induction furnaces from 
pure materials, nitrogen being introduced as 1% N ferrochromium o- 
& 8% N manganese. Heats were poured into square ingots, being 
separately alloysd with the other elements. Specimens were madé 
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from 4& mm thick sheets prepared by rolling at a starting 
temperature of 1150-1180°C and water quenching from 1050 °C. 

All the steels studied belong to the austenitic or austenitic 
ferritic class of stainless steels. The amount of delta ferrite 
was determined by means of metallographic and magnetic 
measurements. it was found only in steels with over 0.7? or i.23 
(with 0.25 and 0,41% N. respectively). The effect of plast: 
deformation to give 5, 10, 15 and 290% residual deformation on the ‘ 
*est steels was studied and compared with the effect on two 
compositions of type 1¥18H9T (1Kh18N9T) steels. In the latr>: 
deformation martensite was produced but not in the chromium - 
mangonese-nickel steels whatever their nitrogen. carbon niobium 
and titanium contents. The influence of prolonged heating far 4°70 
300. 550 600, 650, 700°C up to 4000 hours) on the structure ani 
toughness of the steels was studied on hardened non-standard 

4hO x $ x 3 mm specimens with a notch 1.5 mm deep and 0,75 mm sadis 
of curvature, At all holding temperatures above 450°C ‘he 
toughness cf Cr-Mn Ni-N steels fell. the fall being the grrate: ' 
higher the temperature, The fall is due to precipitation of 
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carbides or carbonitrides at grain boundaries. It is known the' 
austenitic nitrogen~containing chromium-manganese-nickel steel 
becomes liable to intergranular corrosion after holding at 425 to 
815°C, the most widely-held explanation is that this 1s due to 
precipitation of chromium carbides and nitrides. There is littie 
published information on the effect of niobium content. while thar 

on the effect of niobium is contradictory. The authors have 

studied the effect of carbon, nitrogen, nickel, manganese, niobium 
titanium and molybdenum, and also of stabilizing annealing on the 
liability of the Cr-Mn-Ni-N steels to intergranular corrosion at ‘ 
450 to 750°C and holding times up to 1000 - 4000 hours, The ie 
standard A™ TOC7T6032-58 (AM GOST 6032-58) method was used. 

Boiling time was 48 hours, intergranular corrosion being 

determined from the appearance of cracks on bending the specimens 

It was found that the steels (which are of the K17H4A/°8 

(Kh17N4AG8) type) become liable to intergranular corrosion when 
heated to 450- 800°C and are thus unsuitable for service in this 
range, All austenite-forming elements (carbon, nitrogen nickel 

and manganese) increase this tendency. Niobium and titanium 


Card 3/4 


Hi TE 

es U fait Tt an i 

Cpe EL LS CS aR Tk crdit EEQaH ML Hae 
yt Tall na THEE ay nit 


APPROVED FOR RELEASE: 09/19/2001 CIA-RDP86-00513R000617320009-3" 


"APPROVED FOR Lease wheel aos CLA RDE SS: pon tan eopet a 20007 3 


route ua Hala Pema 


$/129/62/000/002/002/014 
Stainless chromium-manganese- ... E111/E435 


increase resistance to intercrystalline corrosion, but stabilization 
of the steels of the type tested by adding these elements 15 not 
sufficiently effective since, to prevent formation of delta ferrit:, 
the addition of those elements must be accompanied by an intrease 
in the content of the austenite-forming elements (which have the 
opposite effect). Alloying with molyoddenum, which raises the 
temperature range in which intergranular corrosion develops. 15 a 
promising approach for the test steels which can then be used up 
to 550 - 600°C, There are 5 figures and 1 table 
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GULYAYEV, ALP., dokter tekhnwnauk, profs; KOZLGVA, G.Y., inzh.; 
HGLCHAKOVA, VUP., kand .tekhn.nauk; SMLAIOVA, T.G., inzn, 


Properties of electroplated coatings on molybdenun, letalloved. 
i term. obr. met, nov7210-13 Jl "ao (MIRA 15:6) 


1. TSentral/nyy nauchno-issledovatel'skiy institut chernoy 
metallursii. 
(Molybdenun} 
(Zlectroplating) 
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AUTHORS ¢ Gulyayev, \.P., Gorelik, $.S., Sen'kina, M.S. 
VETERE s Structural changes during cold-working and 
recrystalLl ization of molybdenum 
vysshikh uchebnykh zavedeniy. 
1962, 160-164 
during deformation and subsequent 
studied in relation to the 
ening processes. Bars of commercially pure 
at 1600°C and annealed at 1200°C for 
2 ck were then cut from the bars, 
rolied at 500°C to 3¢ and 80% reduction and then annealed at 
temperatures of up to 1500°C. The changes in the structure were 
CollLowed by A-ray ditfraction. The microstresses and size of the 
regions of coherent scattering were determined. The beginning of 
ation was determined by the usual X-ray method. 


wetad Lographic examination and hardness measurements were also 
\fter 80% reduction, hardness of Mo increased by 
this increase in hardness was considerably less 


PRGQTGILCNLS [uvestiya Chernaya 

metalburysliya, no.9, 
TEXT: ‘tne structural changes 
annealing of cast molybdenum were 
hardening and soft 
molybdenum were forged 
2 hours. Samples 15 mm thi 


‘recrystalliz 


carried out. 
a factor of 1.6; 
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in the case ot plastically deformed iron, The size of the regions 
of coherent scattering in molybdenum was also considerably greater - 
in work-hardened iron. Tne block dimensions in No deformed to 

8O° reduction were in tne region of 1100 Az Tne microstresses 

in molybdenum and iron were approximately the same. The smaller 
degree of work-hardening of molybdenum as compared with other 
metals (iron) was thus associated with the less intense breaking- 
up of the coherent regions. Compared with massive 

Mo specimens, deformed by rolling, Mo filings were characterized 


by smaller block dimensions and Lower microstresses, The 


temperatures of the beginning and the end of recrystallization 
after 30°) reduction were, respectively, 1100 and 150C°C; the 
corresponding values for material given 60%) reduction being 950 
and 1100°C. There was no change in texture when the sample 
deformed to 80% reduction was heated up to 1aQQO°C. There are 


3 figures. 
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ASSQCTATICNS: Moskovskiy vacherniy mashinostroitel'nyy institut 
(Moscow Kvening Nachinery Institute) 
Moskovskiy institut stali i splavov 
(Moscow Steel and Alloys Institute) 
SUBMITTED: November 2, 1961. 
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Effect of chromium and nickel on the ductility of steel. 
Metalloved. i term. obr. met. no. 12:2-6 D ‘62. © (MIRA 16:1) 


1, TSentral'nyy nauchno-igsledovatel'skiy institut chernoy 


metallurgii. 
(Steel--Metallurgy) 


; iis i at iE 
APPROVED FOR RELEASE: 09/19/2001 CIA-RDP86-00513R000617320009-3" 


“APPROVED FOr samba 09/19/2001 CIA-RDP86- POST oROOteL 732000): 3 


ea ii} EES ee ee ae ap eBUTE 
RES Sr 


Investigation of high-speed steel with 30 °/o Co. Sbor.trud. 
TSNIICHM no.27:5-9 '62. (MIRA 15:8) 
(Tool steel--Testing) 
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AUTHORS: Gulyayev, A.P., Meshcherinova, O.N., Trifonova, T.N. ‘ 
_ TITLE: The influence of Boron on the properties of alloyed structural steels. 
i 1 

SOURCE: Moscow. Tsentral'nyy nauchno-issledovatel!skiy institut chernoy 3 

metallurgii. Sbornik trudov. no, 27, Moscow, L902. Spetsial'nyye 
stali i splavy. pp. 29-46. * 


TEXT: The paper reports the results of laboratory tests at the Central Sqienti 
* fic Research Institute of Ferrous Metallurgy in an atterap: to employ B additions to 
' compensate for the reduction in hardenability that is encountered in Ni-starved 
structural steels; the tests were made to help alleviate the difficulties engendered 
- in the USSR by a prevailing Ni shortage. The test series described comprises 5 
groups of differently alloyed steels: (1) Cr steels with an addition of B, XP (KhR) 
with 1% Cr+ 0.002% B; (2) Cr-Ni steels,» XH (KhN), with ljo Cr, 1% Ni (the latter 
value dependent on the content of the naturally alloyed Khalilovo pig irons); (3) Cr- 
Ni steels with a B addition, XHP (KhNR), with 1% Cr, 1% Ni + 0.002% B; (4) Gr- 
Mn steels with B, XI'P (KhGR), with 1% Mn; 1% Cr+ 0,002% B; and (5) Cr-Ni-W 
steels with B, XHBP (KhNVR), with 1% Cr, 1% Ni, 1% W+0.002% B. The exact 
compositions of the tested steels are tabulated. The paper describes: (1) The 
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smelting technique; (2) the test methodology, which comprises an investigation of 
the growth tendency of the grain, the hardenability of the steel, the mechanical 
properties, the ''toughness margin" or sensitivity to stress concentration, and the 
temper-brittleness tendency; (3) the oxidation method employed far the determina- 
tion of the austenite-grain size (test results shown in full-page table); (4) the de- 
termination of the hardenability by means of the facial-hardening method; (5) tests 
for mechanical properties comprising tensile and ampact tests and Hp _ tests; 


(6) tests for the "toughness margin," which were achieved by impact tests at vari- 
cus temperatures between +20 and —100°C, in which the impact work and the 
appearance of the fracture were used as criteria (results shown in full-page ee, 
(7) tests for the temper-brittleness sensitivity, in which a comparison of the impact 
toughness and the appearance of the fracture was rnade between nonembrittled spee 
cimens, which had been quenched in oil and tempered for 2.5 hrs at 650°C and then 
oil-cooled, and eznbrittled specir.ens, quenched in oil, tempered for 2.5 hrs at 
650°, and further tempered in, the embrittlement zone at 530° for 16 hrs; these 
tests ranged from +20 to -106°C (test results summarized in 2 full pages of figures). 
Conclusions: (1) Addition of B increases the needenalityy, of all of the alloyed 
steels tested appreciably; an addition of 0,002% B in the presence of 1% Cr in- 
creases the hardenability of the steel more intensely than the addition of 1% Ni. 
(As All iy Sgt tested were naturally fine-grain upon deoxidation by the given fretted: 
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Grain growth started in the 950-:,020°C range, in which the effect of the B ¢qn-~ 
sisted in a reduction of the grain-growth temperature by 50°. (3) When tempéred 
to an identical hardness, all steels (at 20°C) exhibited approximately identical, 
mechanical properties, regardless of their alloying-element contents. Steels: with 
a smaller C content had greater plasticity and toughness following treatment for 
identical strength. (4) B increases the embrittlement-transition temperaturciof a 
steel; this effect is more pronounced when the composition of a steel is more,.com- 
plex. The greatest toughness margin is exhibited by the XH (InN), B-free, stecl 
and the low-alloyed XP (KhR). (5) All steels exhibit a tendency taward temper 
brittleness, including those containing W. There are 12 figures, 6 tables, and 3 
references (1 Russian-language Soviet and 2 English-language U.S.: Brown, Yron 
Age, VII, v.168, 1951, and Irwine, I.J., et al., Iron and Steel, no.7, 1957, 30)% 
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. Izve vys. ucheb. aav.; chern. met. 5 noe9:160-164 '62. 
molybdenum ZVe VY ; (MERA 15:10) 


le Moskovskiy vercherniy masninostroitel'nyy institut 1 Moskovskiy 


institut stali i splavov. 
(Molyddenum--Cold working) (Crystallization) 
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AUTHORS : Gulyayev, A-Pes and Leshchinskaya, R.P. 

TITLE: The influence of rate of heating on grain size 


in austenitic high speed steel 


PERIODICAL: Fizika metallov i metallovedeniye, v.13, no.2, 1902, 
233-240 


TEXT: High speed steel P18 (R18) after normal heat 
treatment possesses small grains, but in some cases the so-called 
naphthalene cracking occurs. This is likely when the steel has 
been repeatedly hardened without intermediate annealing, and in 
such cases the growth of large grains of austenite is observed. 
This leads to a deterioration of its mechanical properties. 

Such samples cannot usually be improved by subsequent heat 
treatment. Existing theory cannot explain all the many phenomena 
connected with the formation of naphthalene cracking. In the 
present work the dependence of grain size on the rate of heating 
in the austenite temperature range, and also that corres ponding 
to the a-— y phase change is investigated for the austenitic 
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high speed steel R1¥. The following conclusions are drawn. 

1) The size of austenite grains formed by heating steel R1& up 
to 1240 °C depends on the speed of heating in the above 
temperature ranges. 2) The dependence of grain size on the 
rate of repeated heating has the form of a curve with a maximum 
corresponding to rates of the order of 50-500 °C/min. At this 
rate repeated heating always leads to the formation of 
naphthalene cracking and large grains in the microstructure, 
with very small (0.7 °C/min) and very large (4500 °C/min) rates 
of heating the grains remain small even after long soaking. 
Consequently repeated heating of the steel R18 up to 1280 °C 
without imtermediate annealing leads to the formation of 
naphthalene cracking only at definite rates of heating. 

3) By heating at a definite rate (500 °C/min) it is possible to 
form naphthalene cracks and coarse grains in annealed steel. 

4) The structure of steel having naphthalene cracks initially 
is not improved by subsequent heating at any rate of heating in 


The influence of rate of heating ... 


the range 0.774500 °C/min. 5) The dimensions of samples j 
undergoing repeated heating do not influence the grain size. a 
Card 2/3 \ 
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There are 8 figures and @ tables. 


ASSOCIATION: Vsesoyuznyy nauchno-iss ledovatel'skiy 
instrumental'nyy institut 
(All-Union Scientific Research Institute of 
Instruments ) 


SUBMITTED : May 10, 1961 
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ACCESSION NR AM,03251) BOOK EXPLOITATION s/ 


Gulyayev, Aleksandr Pavlovich 
Metal scionce (Motallovedeniye), kth ed. rev., Moscow, Oborongiz, 1963, Lékpe 
65,000 copies printop. 


TOPIC TAGS: alloy theory, carbon steel, alloyed steel, nonferrous alloy, heat 
treatment, metal structure, heat resistant alloy, precision alloy, iron 


PURPOSE AND COVERAGE: This book is a fundamental text for the course in metal 
science read in machine byilding, metallurgical, and polytechnic higher educational 
snatitutions. ‘The book presents the basic theory of alloys, ‘examines the properties 
ang structure of carbon and alloyed steels, irons, heat-resistant, precision, and 
other alloys including nonferrous alloys and the theory and practice of heat treate 
ing metals. This new edition contains changes resulting fron the development of 
metal science in recent years and an appendix of handbook data on the composition 
and properties of alloys. The book will also be useful for engineers and techni- 
cians in industrye 
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Preface to the hth edition -= 3 
Preface to the 2nd edition -- 3 


Part 1. Theory of alloys 

Co. I. Crystalline structure of metals <~ 5 

Ch, Ile Crystallization == 2h 

Ch. IfI. Plastic deformation and recrystallization -- 36 
Ch, IV. Alloy structure (basic concepts) <= 56 

Ch. Ve Phase diagram -- 


Part 2. Carbon steels 

Ch. VI. Iron-carbon diagram -- 108 
Ch, VII. Carbon stcels -- 126 

Ch. VIII. Iron -= 140 


Part 3. Heat treatment 

Ch. If. General premises of heat treatrant << 157 
Ch. X. Theory of heat treating steel -~ 16 

Ch. XI. Steel heat treating practice -- 199 

Ch. XII. Surface hardening of steel -- 222 
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Cn. XIII. Chemical-thermal treatment of steel -- 227 


Part 4. Alloyed steels 

Ch. XIV. Effect of alloying elements -- 245 

Ch. XV. Classification and grading of alloyed steels -- 256 

Ch. XVI. Structural steels -- 260 

Ch. XVII. Tool steels — 290 

Ch. XVIII, Steels and alloys with special physical properties == 320 


Part 5. Nonferrous metals and alloys’ 

Ch. XIX. Aluminum and its alloys -- 396 
Ch. XX. Copper and its alloys == 2) 

Ch. XXI. Bearing alloys and solder -- 4,36 
Ch. XXII. Various nonferrous alloys -~ 17 
Appendices -= 451 

Subject index -= 456 
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GULYAYEV, A,P.,. doktor tekhn.nauk, prof.; MEDVEDEV, Yu.s5., inzh. 


Structure and stability of austenite in chromium-mghganese-nickel 
steels with nitrogen. Metalloved. i term. obr. met. no.1:35-39 
Ja 163. (MIRA 16:2) 


1. TSentral'nyy nauchno—issledovatel'skiy institut chernoy 
metallurgii i Gosudarstvennyy nauchno-issledovatel'skiy 1 
proyektnyy institut neftyanogo mashinostroyeniya. 
(Chromium-manganese steel--Testing) 
(Phase rule and equilibrium) 
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AID Nr. 984-17 6 dune Gy lya ye Vy fy. 
EFFECT OF THERMOMECHANICAL TREATMENT ON FINE STRUCTURE © 
OF STEELS AND Ti ALLOYS (USSR) 


Gulyayev, A, P., and A, S. Shigarev. Metallovedeniye i termicheskaya 
obrabotka metallov, no, 4, Apr 1963, 9-12. $/129/63/000/004/003/014 


_ The Centra}Scientific Research Institute of Ferrous Metallurgy imeni 1. P. 
_Bardin investigated the effect of low-temperature (LTTT, ausforming) and 
high-temperature (HTTT) thermomechanical treatments on the mechanical 
properties and fine structure of Armco iron, ye [AISI W]] and SOXH4M 
(0.50% C, 1.5% Cr, 4% Ni, 0.31% Mo) steel, and OT4 (1.5% Mn, 2.6% Al) 
and OT4=1 (1.3% Mn, 1.4% Al) Ti alloys, In both types of TTT, specimens 
were deformed by a single hammer blow with reductions up to 90% in HTTT © 
and up to 35% in LTTT and quenched in brine at -5°C, In the as-quenched 
condition, SXH4M steel deformed at 750 or 900°C with reductions of 75 or 
/. 90%, respectively, had a tensile strength of 275 or 270 kg/rm*?, yield 
‘strength of 190 or 185 kg/mm, anv reduction of area of 8 or 22% {com ~ 
pared with 237 kg/mm 42, 180 kg/mm 3 and 4% for conventionally hardened 
steel). Tempering at 100°C lowers the tensile strength by about $ kg/mm? 
: and raises yield strength and reduction of area somewhat, Analysis of 


APPROVED FOR RELEASE: 09/19/2001 CIA-RDP86-00513R000617320009-3" 


“J APPROVED FOR REEER OE 09/19/2001 eh RDP Se od cab ntec 3 


IE PRED pin ER Beit a i HW freed elt cs Salta His, 2 bE 


(| 


wee ent a Sa a a 


art 


AID Nr. 984-17 6 June 


EFFECT OF THERMOMECHANICAL TREATMENT (Cont.) 
8/129/63/000/004/003/014 


vs x-ray diffraction patterns revealec that the width of the (110) line of mar- 
tensite nroduced by thermomechanical treatment is considerably narrower 
ee than that of martensite obtained by conventional hardening. ‘The difference 
becoines greater with higher reductions. The phenomenon is attributed to 
deformation-induced precipitation of carbon from austenite, which raises 
the temperature of martensitic transformation and reduces the amount of 
residual austenite. The latter effect, however, becomes apparent only at 
high reductions. Reductions up to 25-30% increase the arnount of residual 
austenite, In Ti alloys HTTT (deformation at 1000°C) was found to lower 
the tensile strength by 5-10 kg/mm 2 {at a reduction of 80%) but to increase 
ductility greatly. In OT4 alloy the maximum effect (elongation, 15%; re- 
4 duction of area, 40%; notch toughness, 10 mkg/cm?) was observed with re- 
ae ductions of 50-80%, In OT4-1 ductility increases steadily with increas- 
ing reduction; at 80% reduction, ag na was 17%, reduction of area 47%, 
and notch toughness 12 ke~m/em*. In both alloys the width of-the (O11) line 
of the a-phase was found to increase with increasing reduction, while the 
amount of the residual 8-phase reached a maximum at 60% reduction, [DV} 
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SOURCE: Svarochnoye proizvodstvo, no. 5, 1963, 6-9 yu 


‘TOPIC TAGS: high-strength steel, weldability, heat~affected sone, alloying 


element, cooling rate 


ABSTRACT: The effect of C, Mn, Si, Cr, and V on the weldability of high-strength 
bainitic steels, primarily on mechanical properties of the heat sarfected one ‘ 
has been investigated. Small heats containing C from 0.19 to 0.37%, Mn from ‘ 

1.0 to 2.3%, Si from 0.49 to 2.3%, Cr from 0 to 2.4%, and V from 0.12% melted. i 
ina laboratory arc furnace were rolled into plates 5 mm thick, annealed at 
1000C, and air-cooled. Plate specimens were subjected to simulated welding 

cycles (rapid heating to 1350C and cooling with rates varying from 0.15 +0 
600G/sec) -in the IMET-1 machine. It was found that by limiting the contents: 

of C to 0.24 to 0.25%, Mn and Cr to 1.5 to 1.6% each, and Si to 0.5%, a 
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satisfactory strength in the heat-affected zone (a proximately 100 kg/mn?). - — 
could be obtained even with slow cooling (0.1¢/see) from the paak temperature | 
of the welding cycle and without excessive embrittlement even with rapid - 
cooling. At higher contents the tensile strength of the heat-affected zone 
increases considerably with cooling rates over 1.00/sec, but the ductility 
drops to a very low value; for example, reduction of area drops to about 54, 
Si is especially harmful; an increase in Si content to 0.'71% maxes the 
heat-affected zone brittle even at low cooling rates. Orig. art. has: 10 
figures and 1 table. ‘ 
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